Purpose -The purpose of the paper is to develop existing tools or methodologies to measure customer value during acquisition and use, in such a way so that the measures concurrently indicate the level of performance and more "accurately" identify the improvement opportunities. Design/methodology/approach -Customer value is indeed perceived by customers in the market (external customers) during acquisition, use, until the end of the product's lifetime. The producer is the entity that creates the products that the customers acquire or consume. Therefore, the producer needs to be aware, to interpret, and being actively involved in the creation of customer value. This view makes the "general agreement" that customer value is nothing else than customer perception in the market no longer relevant. Therefore, ValMEA (Value Modes Effects and Analysis) offers a "balanced" perspective on customer value, by recognising that customer value exists in different "modes" on different stages of the product's life cycle. The link between different "modes" of customer value becomes an important basis to understand the contributions of producer activities on customer value. Findings -Measuring customer value is necessary to capture the essential meaning of quality. However, the existing tools to measure customer value do not adequately manifest the concept of customer value itself. Therefore, the modification of these tools becomes the prerequisite to continuously improve quality performance. The measurement of customer value during acquisition and use is based on intangible aspects (cognitive judgement). Along the value stream, these measures are translated (transformed) into tangible aspects, which comprise aspects such as shorter lead-time, reduced defects, and lower costs. Originality/value -The customer value measures complement the existing methodology such as Six Sigma, Lean Production, and Quality Function Deployment (QFD). The integration of customer value measures with these methodologies lead to the development of a customer-value-driven quality improvement framework, where improvement opportunities can be captured repetitively. The continuous quality improvement efforts can then be categorised into reactive (based on "waste" identification) and proactive (based on customer value measurements). Keywords Customer value, performance indicator, improvement indicator, ValMEA, value map, P-I matrix.
Introduction
Defining quality as fitness for use (Juran, 1962) rather than conformance to specifications implies an interpretation that products or services are meant to satisfy customer needs. It means that quality performance measures are no longer the monopoly of engineering in comparison with standards (i.e. product orientation) but they should also consider customer opinions (i.e. people orientation) since customers are the ultimate judges of quality (Garver, 2003) . Therefore, Dahlgaard and Dahlgaard (2002) present the new TQM (Total Quality Management) metrology to measure quality from a customer perspective through satisfaction of both internal and external customers as well as Despite the fact that there are many different definitions about customer value, Higgins (1998) captures that customer value and customer satisfaction is not a disconnected link. There are different models that attempt to describe the link between customer value and customer satisfaction, and even with other performance measures such as customer loyalty, profitability, and competitiveness. Most literature, especially in marketing, discuss the influence of customer value on purchasing decisions or discuss customer value in a service context. However, few discuss the influence of customer value in relation with product in use-context and how customer value may drive improvements of product and process quality. It is the aim of this paper to further develop the tools to measure customer value during acquisition and use, in such a way that the opportunities to improve product quality can be identified simultaneously.
The paper is organised in the following structure: first, the author provides a brief theoretical review on customer value and customer satisfaction. Second, a "balanced" perspective on customer value is presented. Third, the "new" way of measuring customer value to indicate performance as well as to identify improvement opportunities is described. The author also gives an example regarding the application of the measures. The development of a customer-value-driven quality improvement framework is described thereafter. The paper then finalises with reflections and conclusions.
Theoretical background
Customer value "Any definition of value must account for the inclusion of total benefits, including direct and indirect benefits derived from attributes and consequences, that arise from partner (seller-buyer) activities and behaviours, less total direct and indirect costs, and be determined from the customer perspective" (Simpson et al, 2001, pp. 121) . Woodruff (1997; in Simpson et al, 2001 ) defines value as a customer's perceived preference for and evaluation of those product attributes, attribute performances, and consequences arising from the use that facilitate (or block) achieving the customer's goals and purposes in use situation. Dumond (2000) summarised the common themes about customer value that it is "linked to the use of product or service", "perceived by the customers rather than objectively determined by seller", and "usually involves a trade-off between what customer receives, e.g. quality, benefits, worth, and what he or she gives up to acquire and use a product or service, e.g. price, sacrifices". Then, customer value is the summation of benefits minus the sacrifices that result as consequence of a customer using a product or service to meet certain needs. This definition moves away from the notion that value is something inherent to the product or service toward the notion that value is determined in the context of customer use (Bounds et al, 1994 ).
According to Khalifa (2004) , the way of defining customer value can be grouped into three categories: value components model, utilitarian or benefits-costs ratio model, and means-ends model. In term of value components model, value is interpreted as the performance or physical characteristics of the product that: a) must-be present, b) expected to be present, and c) delight the customers if the characteristics are present. According to the utilitarian model, customer value is the difference (or ratio) between total benefits and total sacrifices. Value, according to means-ends model, is the accomplishment of favourable ends through the acquisition and the use of a product as the means. Even though these models are (to some extent) different, they are not mutually exclusive but overlap to each other, which is then utilised by Khalifa (2004) to build an integrative configuration of customer value concept by first "expanding" each basic category of customer value model.
Value map
The customer value map, introduced by Gale (1994) , is a tool to analyse whether a product or a company has provided superior customer value by plotting market perceived quality (MPQ) against market perceived price (MPP) on a two-dimensional chart (see figure 3) . MPQ is the sum of multiplications between performance scores ratio (R) and importance weight (W) on each quality attribute, for example safety, durability, and availability. MPP is calculated as MPQ; the only difference is that MPP is applicable on price attributes such as purchase price, trade-in allowance, resale price, and interest rates. Performance and importance scores data are usually collected using surveys or interviews. Performance scores represent customers' cognitive judgement on product attributes, measured by e.g. a 1-7 scale, while the importance weight usually is measured using a 0-100 scale, which represents how the various product attributes are weighted in the customer's decision.
(1)
Ri : the ratio between the performance score (P) of a product and the performance score of the competing product(s), on the quality attribute i. Wi : the weight (importance) of quality attribute i. i : 1, 2, 3, ...n Rj : the ratio between the performance score (P) of a product and the performance score of the competing product(s), on the price attribute j. Wj : the weight (importance) of price attribute j. j : 1, 2, 3, ...m Figure 3 . Customer Value Map Gale (1994, pp. 83) illustrates the fair value zone, i.e. the area where the ratio between MPQ and MPP is approximately 1. Within this zone, products or firms provide "fair" customer value, meaning that customers perceive a product with a certain quality level worth to be bought at its current price level. Outside this zone, a product or a firm provides more or less customer value (depending on the location of the point). A product or firm that provides better customer value is more competitive in the market compared to its competitors. Garver (2003) lists the use of the P-I matrix as a tool to: evaluate a firm's competitive position in the market, to identify improvement opportunities, and to guide strategic planning. The P-I matrix utilises customer satisfaction data, where for each product (or service) attribute, the average score of performance is plotted against the average importance score using a 2x2 matrix (see figure 4) . Actual performance is measured using e.g. a 1-7 or a 1-5 scale, while relative performance can be measured by using gap analysis, comparative scales, or actual performance (Garver, 2003) . Figure 4 . Performance-Importance (P-I) Matrix
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Value Modes Effects & Analysis: a "balanced" perspective on customer value The statement "customer value, which is something that is determined in the context of customer use" refers to what is called received value. "Customer value, which is something that is perceived by customers rather than determined by the seller", indicates that the customer already perceives the value of a product or a service during the acquisition (purchase) stage. Tracy and Wiersima (1995; in Khalifa, 2004) argue that the components of customer value include low price, speedy response, premium service, and high quality. These components of customer value are similar to what is labelled as "value added", i.e. higher product or service quality, faster delivery, and lower cost, which are discussed within the manufacturing or production context by the concept of lean production, lean sigma, or lean thinking (see e.g. Jiju et al, 2004; Wood, 2004), and Grönroos (2000; in Khalifa, 2004) who suggests that customer perceived value equals to core value ± added value. The added value is positive when the additional services can be provided without unnecessary or unexpected costs, while it can be negative (and destroy the core value) when the contacts and processes in the customer relationship are not managed as services or when the additional services cause unnecessary (unexpected) costs.
The description above exposes the contradictions towards the "general agreement" about customer value in most literature or according to a majority of researchers (summarised by Khalifa, 2004) , which suggest that customer value is determined by customers' perception (in the market place) not by suppliers' assumptions or intentions (in the factory). The "findings" suggest that producers or manufacturers give some efforts to understand customer value and (in a large extent) being involved in the creation of customer value; therefore the "general agreement" should be challenged. It seems clear that the "raw" ingredients of customer value are high quality, faster response or delivery, and lower cost/price but it totally depends on the customers themselves to "transform" these raw ingredients into something valuable as well as to judge whether a product or service is valuable or not.
As an implication, customer value may exist in the following "modes": added value, perceived value, and received value depending on which context the value is defined. Added value is the characteristics of high quality, faster delivery, and lower cost. Perceived value is a trade-off between benefits and sacrifices perceived by the customer in a supplier's offering (Eggert and Ulaga, 2002) or customer's overall assessment of the utility of a product based on the perceptions of what is received and what is given (Zeithaml et al, 1988; in Edvardsson and Gustafsson, 1998) . Received value is the customer value in acquisition and use context (Horovitz, 2000; in Khalifa, 2004) and it is about customer's experiences (Lanning, 1998; in Khalifa, 2004) . According to Parasuraman et al (1988; in Eggert and Ulaga, 2002) , customer satisfaction is a feeling, the result of a comparison between perceived performance and one or more comparison standards, such as expectations.
It is difficult (if not impossible) to separate customer value and satisfaction. Therefore, customer satisfaction will always be in conjunction with customer value, either it becomes the predecessor of value (see Edvardsson and Gustafsson, 1999; Dumond, 2000; Khalifa, 2004) or the successor of the value (Oh, 1999; van der Haar et al, 2001; Dahlgaard and Dahlgaard, 2002; Eggert and Ulaga, 2002; Spitteri and Dion, 2004; Liu et al, 2005 ). In the purchase or buying context and the service context, customer satisfaction becomes the successor of perceived value; while in the product use context, satisfaction is the predecessor of received value because the customer should be first "convinced" that the product has both the necessary and the additional characteristics as he/she expected before he/she believes that the product is the "right" means to achieve his/her ends (goals). Figure 5 provides a conceptual link of how added value (in manufacturing) turns to value received by customers. The existence of this link makes ValMEA consistent with the existing theory about customer value that the "....categories of value definitions are not mutually exclusive" (Khalifa, 2004; pp. 648) .
Take in figure 5 Figure 5 . Links between added value and received value Perceived value, customer satisfaction, and received value are the "representation" of value during acquisition (purchase) and use. These "representation" of value accommodate the three models to categorise customer value definitions (i.e. value components model, utilitarian model, and means-ends model) and explain the fundamental difference between them. The term value in the means-ends model refers to a cognitive judgment [about the accomplishment of a goal], while the same term refers to a feeling [of satisfaction] and an assumption [that the benefits are more than the sacrifices], according to the value components model and the utilitarian model respectively. In this respect, the definitions of customer value are based on intangible aspects, i.e. perception. This perception is then understood and transformed into tangible attributes, such as quality (the function, the fit, and the form), that are built into a product (at a lower costs and shorter time) in order to help customers accomplish their goals. The interpretation (transformation) of customer value from being intangible to be tangible makes ValMEA a more "balanced" perspective, in the sense that the contributions and involvement of the producer into the creation of customer value are also recognised.
The effect-and-analysis part of ValMEA can be explained through the following interpretations. The received value is the "ultimate" value for the users, where the acquisition and ownership of a product fulfilled their goals. Therefore, information about received value becomes crucial inputs for the producers to improve product quality. Perceived value is important for the manufacturers in order to satisfy the needs of their customers (end users or resellers) by increasing the performance of their product or service quality. Added value becomes enablers towards the creation of customer value, where quality is one of the essential elements. If quality is such an important component of customer value, then "how should we define quality so that it reflects the concept of customer value?". The following reflection should be regarded as an attempt to answer the question. Quality is the degree of existence [dissatisfactory, satisfactory, 
Measuring customer value during acquisition & use
Perceived customer value is the "representation" of customer value during the acquisition, which can be measured using the customer value map. However, Gale (1994) does not further discuss the way to determine the zone of fairness, i.e. the zone where the customers perceive a fairness or balance between the quality (benefits) and price (sacrifice). Therefore, the fair value zone must first be determined. Additionally, the value map mainly highlights customer value as a factor that influences purchasing decisions and not customer value in a use-context. However, by "extending" the term "price" to "life cycle cost", it can be argued that the customer value map is also applicable in a use-context. The value map is useful to indicate: 1) whether the value of a product is perceived as "superior" or "inferior" compared to other competing products, and 2) if the value of an individual product is perceived as fair, low value, or high value. However, the value map is inadequate to indicate what product attributes must be improved to enhance the value provided to the customers. Therefore, the value map should be combined with a performance-importance (P-I) matrix to identify improvement opportunities, so that the product (quality) attributes that cause the "inferiority" on customer value can be identified. The "problem" is, the "as it is" P-I matrix, do not adequately accommodate the concept of customer value. We then need to modify the existing P-I matrix by accommodating a value components model, such as the Kano model (Kano, 2001) .
Determining the zone of customer value fairness
According to Monroe (1990; in Padula and Busacca, 2005) , the value of a product comprises acquisition value (AV) and exchange value (EV). Acquisition value is about customer's perception of what he/she "gets" and "gives". The acquisition value is more popular under the "label" perceived customer value (PCV), where PCV is defined as the ratio between Market Perceived Quality (MPQ) and Market Perceived Price (MPP). Then:
The exchange value represents the perceived merit of the offer or deal (Monroe, 1990; in Padula and Busacca, 2005) , which manifests in the form of price, P, (Padula and Busacca, 2005) . Therefore:
Then, the zone of fairness can be derived mathematically by assuming that: 1) the value exchanged by a customer is equal to the value that he/she gets in return (acquired), and 2) a product with higher product quality can be sold at a higher price.
Based on the first assumption, we may then define the following equation:
Without a modification, this equation will be difficult to implement because PCV and EV have different unit of measurements, in which PCV is dimensionless while EV is stated by a currency, e.g. $, £, etc. To solve the problem, the price, as the manifestation of exchange value, should be conceptualised as a multidimensional construct rather than a one-dimensional construct (Padula and Busacca, 2005) , which means that the customers evaluate actual price in comparison with the utility (U) of a product (either in a subjective or relative way). In a subjective price evaluation, utility is defined as the willingness to pay, where the customers might be willing to pay more or less than the price expected by the seller. In case of relative price evaluation, utility is defined as the worth of the product, which represents customers' judgement of the fair price to acquire a product. The price that is considered as fair might be equal or less than the actual price offered. In both cases, utility is dependent on customer's judgment about the product he/she acquired. The customers might judge the quality of the product (in comparison with other competing products) to determine the utility (worth) of a product (Mochimoto and Ohfuji, 2005) . Then, the multidimensional conceptualisation of price requires us to reformulate equation (5) into:
If utility is defined as "willingness to pay", the ratio between utility and actual price can be between zero (0) and positive-indefinite (+∞). However, when utility is defined as "worth", the ratio between utility and the actual price will be between 0 and 1 because the relative utility assumes that the actual price is assumed as the maximum amount of money that the customers are willing to pay. Therefore, the second assumption allows that customer's willingness to pay can be less or more than actual price.
If we compare equation (3) and equation (6), it seems that we can verify the first assumption (i.e. the equality between acquisition value and exchange value), due to the convergence in the meanings of utility. In the field of economics, utility is defined as the satisfaction due to the consumption of products, which is quite similar in the field of quality management, where utility reflects the ability of a product to satisfy users or customers. This ability depends on the function, fit, and form of the product. The customers' judgment on these aspects determines the way customers perceive the quality of the product.
The zone of fairness may be determined with the help of the data described in Gale (1994, pp. 304) , where the data about market perceived quality (MPQ) of different companies have been collected and stored in the PIMS database (Profit Impact of Market Strategy). Gale's classification suggested that if firms are categorised as "about the same quality", the market perceived quality lies between 0.92 and 1.08. The selling price of the product from these firms varies within the range of 0.97 to 1.04 of the current price level. 
Where the result is shown in table I. The zone of satisfaction is the distance between the upper value line and the lower value line, where the equations for these lines are shown in table II. In another word, the zone of satisfaction is actually the total "distance" between MPQ and MPP on lower and upper sides, but for the purpose of simplification, the distance between MPQ and MPP for each side is assumed to be equal. Therefore, the zone of fairness may then be defined as the interval within y = x ± 0.03 Gale (1994) , inadequate to accommodate and capture the received value in a use-context. Therefore, the author suggests that the price-related attributes should be extended into life cycle cost (LCC) related attributes, and recommend the use of "Customer Cognitive Judgement" (CCJ) in order to distinguish from the term "Market Perceived" (MP) introduced by Gale.
The new definition of quality (Aune op cit) refers to the importance of minimum life cycle costing (LCC), which includes the cost of ownership during the lifetime of a product. The concept of LCC becomes important when customer value is identified not only in a purchase-context but also in a use-context. It also becomes critical for a manufacturer when market competition includes both competitor and substitute products.
Taking wood flooring products as an example, the manufacturer of wood flooring products is facing the market competition from other wood flooring products as well as substitute products such as laminate floors, carpets, and plastic floors. A study by Moussatche and Languell (2001) shows that the LCC of wood-based flooring materials is significantly higher than other flooring materials, and the difference is mainly caused by high costs after the purchase (acquisition) of the product.
There are several LCC models, which are categorised either as general or specific, according to products or industry types (Dhillon, 1989) . One of those models describes LCC as the sum of price, installation cost, operation & maintenance cost, and disposal cost.
Value-driven P-I matrix
It is assumed that a quality attribute satisfies the customer if customer's perception is greater or at least equal to expectations. In the P-I matrix, this perception is represented by the "performance" (P) axis and the expectation is represented by the "importance" (I) axis. Performance is the level of satisfaction on quality attributes, while Importance is the significance of the quality attributes of the product or the presence of characteristics. Therefore, the P-I matrix (which actually is another form of a gap analysis tool) can be used as a tool to analyse customer satisfaction on the various product quality attributes.
According to Khalifa (2004) , the Kano model (Kano, 2001 ) is a well-known value components model, which includes three components of value: dissatisfiers (must be), satisfiers (more is better), and delighters (exciters). Therefore, customer satisfaction seems to be an important indication whether the customers, during the use of a product, regard the attributes of a product as valuable or not.
Using merely the P-I matrix as a customer satisfaction analysis tool does not seem to fulfil the condition that satisfaction is linked to value. However, because the P-I the matrix does not recognise the zone of satisfaction (see figure 6) , an area or interval on the P-I matrix where product attributes can be categorised as satisfiers. This area is analogue to the zone of fairness (in the value map), if we define "fairness" as the absence of gap between performance and importance. Hence, satisfaction is a condition where the difference between P and I is equal or near to 0. Outside this zone of satisfaction, product attributes are categorised as delighters if their performance is larger than their importance, while these attributes are dissatisfiers for the customers if the performance is lower than the importance.
The use of cells in order to indicate improvement opportunities is not quite accurate because it "neglects" the "zone of fairness", where the "performance" is approximately at the same level as "importance". Therefore, value components should be incorporated into the P-I matrix, and after determining the zone of satisfaction, the attributes which need to be improved can be identified. Figure 6 . P-I matrix incorporating value components model Assuming that the product (quality) attributes are independent to each other, the zone of satisfaction (ZOS) may be determined in a similar way as the control limits of a control chart, where inside the zone of satisfaction, the difference between the performance and importance of product attributes is regarded as random variation. The exact value of this difference varies for each attribute, but still "within its natural variation". Hence, ZOS is calculated as plus/minus three times its standard deviations.
Take in figure 6
For each of quality attributes, the average difference (D) between performance score (P) and the importance score (I) can be further defined as:
Where: D j : The difference between the performance score and importance score of quality attribute j P j : The average performance score of product (quality) attribute j I j : The average importance score of product (quality) attribute j m : The total number of quality attributes P i : The performance score of a certain product attribute, which is given by customer i I i : The importance score of a certain product attribute according to customer i n : The total number of customers
The construction of the control chart to plot multiple quality attributes is based on the assumption that if the values produced and delivered are in balance with expectations then the average difference (D) [between performance and importance] of each quality attribute is equal to zero. The centre line of the control chart is under the same assumption also equal to zero. The upper limit of ZOS (ZOS upper ), and the lower limit of ZOS (ZOS lower ) of the control chart can then be determined as:
We may estimate σ by calculating , where: s Incorporating these value components into the PI matrix shows that quality improvement opportunities are no longer indicated by a "major weakness" cell but showed by the area of dissatisfaction. The area of dissatisfaction can be further categorised into major or minor priority (see figure 7) . Figure 7 . Classifying improvement priorities in the area of dissatisfaction
Take in figure 7
Adopting the control chart principles should also take into consideration the fact that a certain quality attribute might have different impact on different customers or customer segments, in the sense that a quality attribute may dissatisfy one customer (segment) but may delight another. Therefore, the construction of the control limits in (9) and (10) should be complemented by a control chart to control the individual customer satisfaction measurements on each of the m quality attributes. The centre line in this control chart is also equal to zero but σ is here estimated by (13) Where: D ij : The difference between the performance score and the importance score on quality attribute j given by customer i
Example of application
Let's assume that there are two competing products in a certain market segment, product A and product B. There are n 1 (let n 1 = 100) customers of product A and n 2 (let n 1 = n 2 ) customers of product B whom were asked about the importance and performance of each product attribute, i.e. quality attributes (Q 1 , Q 2 , ...) and cost attributes (C 1 , C 2 , ...), e.g. price, operational and maintenance cost, of each product and their responses are measured using a 1-7 scale (7 is the maximum on the scale). Prior to data collection, it is necessary to have an "agreement" on what a low or high measurement scale may indicate. For example: a low importance score on a product (or quality) attribute might indicate that this attribute is less or not important. A similar condition (low importance) in a cost attribute might be interpreted as that it is less or not important whether a certain cost attribute has a low cost or not. A low performance score on a product (quality) attribute can be used to indicate a poor performance as well as that a certain cost attribute is expensive. The average importance and performance scores for both product A and B is recorded in table III. Table III . Average score of customer's importance and performance
Take in table III
The next step is to calculate customer value of each product. In this case, the importance weight is determined from importance scores. The importance weight of the j-th attribute (W j ) is determined by the ratio between the j-th normalised importance score ( ) and total normalised importance score. The normalisation process, which is analogue to the normalisation procedure as described in e.g. Antony (2000) and Best (2004) , is expected to reduce the dependence on the measurement scale, so the results are comparable either we use a 1-7 scale or a 1-10 scale. Equation (14) shows the calculation of the normalised importance score of the j-th attribute, where is the importance score of the j-th attribute from each product, is the maximum (highest) importance score and is the minimum (lowest) importance score. Since we are using a 1-7 scale, then and is 7 and 1 respectively. Table IV shows the way of determining the importance weight of each product attribute. Table V shows the score of customer cognitive judgement regarding quality and cost of product A, where R is the ratio between the performance of product A relative to the performance of product B on quality or cost attributes. The customer cognitive judgement on quality (CCJQ) or customer cognitive judgement on cost (CCJC) of product A is the sum of multiplications between the importance weight (W) and the performance of product A relative to product B (R) on the j-th quality-related or cost-related attribute. The CCJQ and CCJC for product B or firm Y is shown in table VI but in this case we use 1/R to indicate the performance of product B relative to product A.
The CCJQ for each product or firm is then plotted against its CCJC in order to identify the product or firm performance in providing customer value. Figure 8 provides a visualisation of the competitive position of each product in providing customer value. It indicates that product B provides better customer value and product A provides worse customer value, which means that product B gives more "value for money". If product A and B are produced by different companies, then we may perceive that the manufacturer of product B is more competitive than the manufacturer of product A. Figure 8 . Value Map
Identifying improvement opportunities
Customer value can be increased through (product) quality improvement or alternatively through cost reduction. Considering that improving quality may also lead to cost reduction, then quality improvement is a must-be need to increase customer value. Improving quality proactively requires an identification of improvement opportunities through, in this case, customer satisfaction analysis. Then, the next step after analysing the customer value is to analyse customer satisfaction using the control chart of multiple quality attributes (by plotting the average difference between performance and importance score for each attribute) or using P-I matrix in order to identify the quality improvement opportunities, which is performed by plotting the performance score on the selected quality attributes of a product against its importance score. Although it is possible to analyse the performance and importance of the attributes of both product A and B, this paper will only describe the customer satisfaction analysis of product A, mainly due to a consideration that the customer value provided by product A has been judged as lower than the customer value provided by product B.
We first need to calculate the difference between performance and importance for each attribute ( ) according to equation (8), and then calculate the average and the standard deviation before we can define the control limits. (12) and (11), we estimate that the value of D and s are 0.263 and 0.064 respectively. Then, based on equation (9) and (10), we could construct a control chart for multiple quality attributes, where the UCL = 0.1915 and the LCL = -0.1915, which is shown graphically by figure 9. It is also possible to analyse the customer satisfaction using P-I matrix, by plotting the importance score of an attribute against its performance score (see figure 10 ). Both the control chart and the P-I matrix indicate that there are several attributes outside control limits or zone of fairness respectively. The quality attributes Q1, Q3, Q5, Q6, Q9, and Q10 are the delighters, while Q8 seems to be a satisfier. Since the performance of attribute Q2, Q4, and Q7 are lower than their importance, then these attributes should immediately be improved. When further analysing these attributes it may be good help to use the control chart for the individual customer measurements. For this purpose, (13) is used to estimate σ in (9) and (10). Figure 9 . Control chart to plot multiple quality attributes Take in figure 10 Figure 10 . P-I matrix for product A Hence, it is obvious that the value map can be used in conjunction with the modified P-I matrix and/or the control chart for multiple quality attributes. However, for a thorough analysis, it would be beneficial to complement the value map and the P-I matrix with a complaint report in order to provide more "evidence" or "confirmation" for the decision to improve quality attribute Q2, Q4, and Q7. The next step is to track, analyse, and improve the process that is related with these attributes. Internal defect reports and identification of inefficiencies will support the process and production improvements.
Take in figure 9
Customer-value-driven quality improvement framework
The framework of quality improvement (figure 11) starts with an assessment of the product's competitiveness in providing customer value relative to competition (and eventually substitute products), using a Value Map. The next step is to identify which product attributes need to be improved. The firm might also complement (or "confirm") the findings with complaint data from external customers and internal data regarding defects. Next, trace to the processes that are "responsible" for the quality attributes. During production, the inefficiencies (e.g. delays) occurred also deserve attention for improvement efforts.
In figure 11 , it can be recognised that customer value has a direct influence on product quality improvement and deployed further to process and production (see vertical arrow). Performing quality improvement in this way recognises and increases the benefits of using improvement tools like Quality Function Deployment (QFD). By integrating the customer value map and the P-I matrix (or D-chart) into QFD, the customer voices can be captured repetitively, which then becomes a manner of continuous improvement. Meanwhile, continuous improvement can also be done by identifying and eliminating waste in internal operation (see horizontal arrow) using for example the Lean (Six) Sigma method. According to George et al (2004) , Lean (Six) Sigma is a powerful improvement methodology, which combines the strengths or advantages of Six Sigma (see e.g. Antony et al, 2004 ) and the lean concept (see e.g. Wood, 2004) to improve both quality and process flow (speed). Through its four keys (i.e. delighting customers with quality and speed, process improvement, teamwork, and decisions based on data and facts), Lean Sigma becomes a way for manufacturers in providing customer value. Figure 11 . Customer-value-driven quality improvement frameworks
Take in figure 11
Conclusions
Calculation of customer value is not merely a way to indicate a company's competitive advantage relative to competitors but it may also become a driving factor to continuously improve product and process quality. Customer value may drive continuous improvement of product and process quality because it exists in several modes (i.e. added value, perceived value, and received value), which is caused by the facts that customer value occurs in several contexts and the term "customer" usually refers to a heterogeneous groups of people (market segments) and sometimes involves several customer tiers (e.g. dealers, service providers, and end users). Identifying customer value (in a purchase/use and manufacturing contexts) lead to both reactive and proactive improvements. These two types of improvements are not mutually exclusive but complement each other in order to construct a customer-value-driven quality improvement framework.
The customer-value-driven quality improvement framework integrates the tools to identify customer value (Value Map) and customer satisfaction (Performance-Importance (P-I) Matrix or Dchart) with the existing methodologies in managing quality, in this case QFD and Lean Six Sigma. Due to the existence of value in different modes (ValMEA), the ordinary value map and P-I matrix need modifications, as suggested in this paper, in order to better capture the essence of customer value to drive quality improvements. 
